The interpretation of coronary angiograms is indispensable in determining procedure in coronary surgery. The aim of this study was to measure the overall reliability of a group of surgeons in the interpretation of coronary angiograms, surgical procedure and the evaluation of operative risk. Ten coronary angiograms were interpreted by eight cardiac surgeons at four different medical centers. Evaluation of coding discrepancies, in this case of multiple raters applying an ordinal-scale classification scheme (0, 1, 2) with no expert yardstick available for coding, was explored by a two-way random factor analysis of variance. Reliability was substantial for the assessment of stenosis irrespective of the artery (intraclass correlation coefficient (ICC) ranging from 0.92 to 1), and good for the distal part of the artery (ICC ranging from 0.83 to 0.86) as well as for the collateral provision (ICC ranging from 0.75 to 0.94). Agreement between surgeons was good with respect to the number of bypasses to be performed (ICC=0,88)_ The number of bypass per patient varied from 2.6 to 3.2 depending on the surgeon. Agreement as to whether or not to bypass was substantial for the right coronary artery (ICC = 0.92), good for the marginal artery (ICC = 0.87) and fair for the left anterior descending artery ( I C C ; 0.60) and the circumflex artery (ICC=0.60). There was a higher rate of agreement concerning inferior wall motion (/CC = 0.98) than of the anterior wall motion (ICC = 0.78). Agreement was substantial for ejection fraction (ICC = 0.93), operative risk (ICC = 0.93) and the type of coronary tree (ICC = 0.85). With respect to the overall set of items, no one surgeon disagreed significantly with the rest of the group. Some disagreement regarding anatomy suitable for revascularization exists between surgeons. Surgical assessment of risk is similar. Cardiac surgeons quickly learn to assess risk in a similar manner, even though they might not always graft the same anatomic vessels or assess regional wall motion similarly. [Eur J Cardio-thorac Surg (1996) 10: 671-675] 
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Introduction
Coronary angiography is indispensable in decision-making for coronary surgery. The assessment of the degree of stenosis, the quality of the distal part of the artery, the quality of the collateral provision in case of occlusion and the left ventricular wall motion are determinant factors in operative strategy. Data obtained from the coronary angiogram in conjunction with clinical data allow the surgeon to evaluate the risk of undergoing surgery for the patient. The aim of this study was to evaluate the overall reliabil-ity of a group of surgeons in the interpretation of coronary angiograms, surgical procedure and the assessment of operative risk, and to specify which rater(s) disagree with the others and why.
Materials and methods
Ten coronary angiograms were shown to and interpreted by eight cardiac surgeons practising at four different medical centers.
The coronary angiograms
Coronary angiograms were selected with the aim of a specific evaluation in mind. Patient 1 presented with a thrombotic occlusion of the left main coronary artery (LMCA); the whole coronary network was dependent on the right coronary artery (RCA). The films for patients 2, 3 and 4 were chosen for the poor quality of the ventricle (isotopic ejection fraction of 0.28, 0.35 and 0.27, respectively). Three patients presented with stenoses of border-line significance of the circumflex artery in patients 6 and 8, of the LMCA in patient 7. Films 4 and 9 showed arteries which presented numerous superimposed loops, making it difficult to assess stenoses. Patient 5 and 10 presented with standard triple-vessel disease.
The questionnaire
The questionnaire specified each surgeon's evaluation of the following:
• the condition of each coronary artery: normal, narrowed or occluded. Prior to viewing, it was established that an artery showing a nonsignificant stenosis was to be considered normal. Surgeons were given no indication as to the degree from which a stenosis was to be considered significant. In cases of stenosis, the quality of the distal part of the artery was specified. In cases of thrombosis, the quality of both the distal part and the collateral provision were specified.
• The pattern of the coronary tree: left dominant, balanced, or right dominant • The presence and location of an akinetic or hypokinetic area • The number and location of grafts to be performed • The assessment of operative risk: standard, average or high, with the knowledge that all patients were 60-year-old males with no other associated disease, whose symptoms had failed to improve despite adequate medical regimen. * The evaluation of the quality of the coronary angiogram: good or poor.
Statistical analysis
The logic of our approach was as follows [5] : 1 ) Does a group of surgeons react homogeneously before a given decision-making process ? This estimation, which concerns a group as a whole, requires the use of the reliability of the mean of measurements. 2) Within the group, which rater(s) disagree from the mean? This was determined by analyzing centered and reduced indexes. 3) What is the cause of rater disagreement?
a. Reliability of the mean of measurements
Evaluation of coding discrepancies, in the case of multiple raters applying an ordinal-scale classification scheme (0, 1, 2) or in the case of a quantitative scale (number of grafts performed) with no expert yardstick available for coding, was explored by a two-way random analysis of variance [6] . The agreement statistic was based on an intraclass correlation coefficient (ICC) [2, 4, 6] . It provides a measurement of overall group reliability, i.e. if it is high, then a large proportion of the variance of observations is associated with heterogeneity between coronary angiograms rather than between surgeons, and accordingly the homogeneity of the group is also high. The intraclass correlation coefficient is expressed as [6] :
where k = number of raters 0 --MSb angiograms --MSw. angiograms k MS w. angiograms where MS =mean square, b. angiograms =between angiograms, and w. angiograms --within angiograms.
The within angiogram variation consists of the between surgeons variation and the residual variation [6] .
The closer R is to 1, the higher agreement is. The departure from 0 (null agreement due to chance) of R was considered significant if 0 was outside its 95% confidence interval, based on the corresponding z score confidence interval [2, 3] : z_+ 1.96 ffz.
1.
(I+R~ where ~2 z = 1/(N-3/2), N being the number of coronary angiographies. For Fermanian [3] , agreement is substantial when ICC ranges from 1.00 to 0.91, good from 0.90 to 0.71, fair from 0_70 to 0.51, slight from 0.50 to 0.31, and poor from 0.30 to 0.00,
b. Analysis of centered and reduced indexes
The method yielded a centered and reduced index for each surgeon expressing on average his underrating inclination (index lower than -1.96), his inclination to rate on average like the others (index between-l.96 and +1_96), or his overrating inclination (index greater than 1.96). The analysis of these indexes highlighted significant "outlier" surgeons for each variable. A similar method was used for rating angiograms to highlight the significant "outlier" angiograms for each variable. The significance limit was c~= 0.05 for all the tests, and all the analyses were performed with BMDP statistical software [1] .
Results

Meaning of the intraclass correlation coefficient (ICC)
The ICC is a statistical tool. To translate the notion of agreement into a specific assessment of how the group of surgeons behaves as a whole, two examples were chosen. Table 1 shows assessment of inferior wall motion by the surgeons and has a high ICC (0.98); Table 2 shows assessment of anterior wall motion by the surgeons and has a lower ICC (0.78). In Table 1 there was disagreement on 4 out of the 10 angiograms, whereas in Table 2 , there was disagreement on all angiograms. In addition, the disagreement between normal wall motion (0), and hypokinetic wall motion (1) is less than the disagreement between nor- . In Table 1, when there was disagreement, it was minimal, whereas in Table 2 for the same film, the anterior wall motion was assessed as normal or akinetic depending on the surgeon. (Table 3) The rate of agreement within the group of surgeons varied according to the item under evaluation. For the assessment of stenosis, whatever the artery, the level of agreement was substantial (ICC ranging from 0,92 to 1). It was good for the distal part (ICC ranging from 0.83 to 0.86) as well as for the collateral provision (ICC ranging from 0.75 to 0.94). Agreement was good concerning the number of grafts to be performed (ICC=0.88). The number of grafts per patient varied from 2.6 to 3_2 depending on the surgeon. Agreement as to whether or not to bypass was substantial for the right coronary artery (ICC = 0.92), good for the marginal artery (ICC=0.87) and fair for the left anterior descending (ICC =0_60) and the circumflex (ICC = 0.60) arteries. There was a higher rate of agreement concerning inferior wall motion (ICC =0.98) than anterior wall motion 3. Study per surgeon (Table 4) With respect to the overall investigation, no one surgeon disagreed significantly with the rest of the group. Table 4 shows the deviation of each surgeon on each item in relation to the other surgeons. Surgeons 1, 5 and 8 tended to find more narrowed or occluded arteries than the others, whereas surgeons 2 and 3 underrated stenoses_ The distal part of the arteries was assessed similarly by all surgeons, while the collateral provision was often better for surgeons 3 and 4 and worse for surgeons 1, 2 and 8. There was no significant difference in the number of bypass to be performed. Table 4 Deviation of each surgeon with respect to the others. The method yielded a centered and reduced index for each surgeon expressing on average his underrating inclination $ (index lower than -1.96), his inclination to rate on average like the others ---> (index between -1.96 and +1.96), or his overrating inclination 1" (index greater than 1.96). The analysis of these indexes highlighted significant "outlier" surgeons for each variable (CABG coronary artery bypass graft, SWM segmental wall motion) Surgeon 1 2 3 4 5 6 7 8 Table 5 Deviation of each coronary angiogram with respect to the others (1" tendency to overrate the angiogram, $ tendency to underrate the angiogram, --+ inclination to rate on average like the others CABG coronary artery bypass graft, SWM segmental wall motion) Angiogram 1 2 3 4 5 6 7 8 9 10
Overall agreement
Ejection fraction and operative risk were judged similarly by all eight surgeons_ 4. Study per coronary angiogram Each coronary angiogram was selected with the aim of a specific evaluation in mind, as detailed above_ Table 5 highlighted two issues:
• There was no additional disagreement on the angiogram chosen to illustrate what can be a particular difficulty, e.g. films 4 and 9 had been chosen for their numerous superimposed loops, but there was no additional disagreement on items "stenosis" or "distal part". Films 6, 7 and 8 had been chosen for their "border-line" stenosis, but there was no additional disagreement on item "stenosis".
• When films 2, 3, 4 and 5 were declared as poor quality by at least one surgeon, there was no additional disagreement_
In the above cases, the examiners looked at these films more attentively than they did at the more straightforward ones.
Discussion
As with the interpretation of any examination, the analysis of coronary angiograms entails subjectivity and risk of error. Our aim was to measure the reliability of a group of eight cardiac surgeons at four medical centers as to their analysis of 10 coronary angiograms as well as the surgical decision which resulted from their interpretations. Despite their geographical proximity, each center was independent and represented a different school of surgery. Analysis of the reduced and centered indexes did not reveal a higher level of agreement between surgeons operating at the same center than those working at different centers (data not shown).
Considering the number of factors which influence the interpretation of coronary angiograms, the level of the reliability of the group of surgeons on the overall set of items was surprising. Agreement concerning the assessment of stenosis was substantial or good. Evaluation of the quality of the distal part of the artery was complicated by the large number of occluded vessels. The results were, nevertheless, homogeneous. The quality of collateral provision is difficult to evaluate and therefore subject to greater variation between surgeons. Surgical attitude was nevertheless coherent. Whereas stenosis of the RCA was evaluated similarly by all surgeons, the three surgeons who tended to find a better quality distal part bypassed the RCA more often (data not shown). Disagreement as to surgical decision concerned revascularization of an akinetic wall or an artery with a poor distal part. This explains the fair ICC concerning whether or not to bypass the left anterior descending artery and the circumflex artery. The quality of evaluation of ejection fraction was substantial for the group as a whole. The results relating to the evaluation of operative risk were surprising. Given the numerous factors involved in this criteria, the level of disagreement should have been much higher. As it stands, agreement was substantial (ICC = 0.93).
The evaluation of operative risk is an important issue. This type of evaluation should make it possible for results from different centers to be compared. It would appear necessary to question the use of complex angiographic scores in the evaluation of operative risk in favor of data obtained from surgeons' analysis of coronary angiograms. The quality of the coronary angiograms is clearly essential in surgical decision-making, but did not influence the level of agreement.
In conclusion, some disagreement regarding anatomy suitable for revascularization exists between surgeons. Surgical assessment of risk is similar. Surgical anatomy plays a variable role in overall risk assessment by the surgeon, depending upon the presence or absence of other "surgical" risk factors. Cardiac surgeons quickly learn to assess risk in a similar manner, even though they might not always graft the same anatomic vessels or assess regional wall motion similarly.
